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Lower aikyl is for exampfe C@Z!+ikyl such 85 
mGthy1, ethyl* propyf or butyf, and Sk? isobutyl, se0 
butyl or ttrt-butyl, and may further be Q-C~aikyl such 
as perity~, hcxyf or heptyk 

%cnyl-~Ower d&i is for exampie phonyi&&& 
kyi, preferably i-phonyl~Cr-Qaikyl snch as benxyl. 

Lower aik~xy is for example C&+aikoxy such as 
methoxy, ethmy, propoxy, isopropoq, butoxy, isobu- 
toxy, set-buttIny of? tert-bUtu%Y. 

IX-lower afkyfaaaino is for example di-C+Zalk- 
yiamino suoh ss dhruethyi.amiuo, dMh7lamina, N-ethyl- 
N-mcthylJkmmo, diprOpyitiU, N-methyl-N* 
propyitio or dibutyiamino. 

I&weir a&yithio is for example Ct-Qtikyithio such 
as xethylthh, etkyltF&~ propyithio or butylthia, and 
&so ~but~~u, scclbutyl%Mu or tert+butyithio. 

HfaiogGn is fix amfrq3~G hi?iugGn hsvhqj &xl atoxic 
number of up to 34. in&&v~ suoh 85 !iuorhm, chlorine 
or bran&e. 

S&s of compomds of form& 1 ilpt in particular the 
salts thereof with p~uticaiiy scccptablc bm, 
such as non-toxic me&i salts derived fmm metals of 
groups Ia, Ib, I& amrd Jl’b, c,g. a&ah metal salts, preferat- 
bly sodium or pota&um salts, dkaiincearth metal s&s, 
preferably Cat&m or magncsinnr s&s, copper, alumin- 
ium or zinc salts, md iilm armqoxrim salts with m m m  
nia or or&tio an&n= or q~tornary mon.im bm 
such as free or C-hydr~x3tfated ahpbatic am&i, prefer- 
ably man** bi- or tri-i#WGr rkikymcfi, e.g. methyl- 
amino, ethyhxniner ~e~y~~ or diethyiamine, 
mono-, di- or tri@ydroxy-lower &yi)an&tes such as 
e&molar&e, dict&noiaruine or trittitanul~c, trG(- 
hydrox~~hyl~~ometh~~ or 2-hydruxy-tert- 
butyiamine, ur N-(hydroxy-lower ~~~~~~~~~~ow~r 
afkylammes or ~~~yby~oxy-Iowa afky&N-lower 
alkylarnines suoh 19s 2-~~e~y~~~~~~~ or X3- 
giuc~~, or qtrmmmxy aliphdc Bmmolxium hydrox- 
ides* e.g. with te~bu~~o~~ hydroxide. 

In this cormecti~n it should also bc madmd that 
the compounds of formula X may also bc: obt&ied in the 
form of hmer salts, pro&&d the group RI is suffoieutiy 
baska These cxmpmds cwi the&om also be con- 
vqzkd. into the wrresprmding &d sdditi~n salts by 
treatment with a strrong pro& acid such as a hydrobsiio 
acid, S-C acid, aulfonic acid, &g. f%%GthtU342dffXiiC 
acid or p-toiuertesxSo& aold, or sulfaaclic: acid, c,g. 
~~yciohexy~~~o acid. 

The txmqmtutsis of formula X and salt8 thereof have 
valuable pharnraco&@zai proper&s. fn ptiouiar; they 
have a paorrounMKf rewtory darn on the c&&m 
m~t-r&dism of war&blooded &make Most particu- 
larly, they CflzGc% 8 3narkGd inhibitim d bonz rGsorp~~n 
in ratss, as can be demonstrated in thy exptximertti pro- 
CedsrG desoribed na Acts Endrocinol. ?8,613-24(1975), 
by me8115 of the PTMnduced incrcsse in the serum 
calcium icvcl after subctGaneous artministration of doses 
is the range from ak3ut 0.01 to 1.0 mgdcg, as wcU as in 
the ‘iFiX ~~~op~~~~o~d~to~d~ Tat model by 
means of hyperGlrlEaemia induced by vitsmin Ds after 
subcutaneous ~dmi~~tration of a dose of about O.ooO3 to 
1.0 mg, Tumor caloacmia induced by Walker 256 tu- 
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man is likewise inhibit-cd $-I&% pcFOfal adminjsrrarian of 
ZttxxM 1.0 m fOO rng#k& fn addition, when udmjnj3tcrrrd 
subctx~eu~~y ia a dmqp of about 0.#‘1 to 1.0 mg!kg 
in tic cx~rimcn~ gmadure accrrrdmg ta Newbould, 
Brit f. Pharmacology 21, 127 (1963), and ammdiqj to 
K;aittrars ck al., 3. Exp. I&d. lS9, .I%&95 ft%M)+ the 
compunds of formula I and 3&s thcrcof &fect a 
marked inhibitica of the progression of arthritic coadi- 
danls in r&3 with agjuvant arthfit~. They 8rVt thcrcfore 
Gtiendy stilabk fi3F tl3c as medicamem fur the treat- 
mcat af dissasc!s which afe associated with ilxlp~eat 
of 4cium mttablism for uranplc inlltmmaroF”y con- 
ditkm in joints, dtgcnerativc procuses in articular 
rxtilcge, of ostcoporaiss, perhdun&ti, hyperparathy- 
Miism, and of calcim deposits in blood vmels or 
pF&Gric iJinplanls. Fa~ufables:fe3uits are 8Is.a achieved 
in k&it t~eatmcnt af dizxase in which an abnormal dc- 
posit of poarty salubk calcium salts is obsmed, as in 
arthritic discasos, t.g, amylosing spondilitis, neuritis, 
bus&is, pcriodoutitis aud tmiini~, fibrodysplasia, os- 
l~nrthr~Si3 QS afteFit3s!clefmis, as well 8s khosc in which 
au abnormal decumpositium of hard body tissue is the 
pritacipd sympram, c.g. he&Mary h~~h~~~~ 
degencFative states of Wtieulu cartiIegt, osteoporosis 
of difbnt pmvenuuce, Paget’s d&ease aud osteodys- 
troptia fibross, arrd al30 ostcolytic conditions iuduced 
by rumors. 

The invention relate5 in particular to compoum3s of 
form& I, whcreb Rg is an imidmolyl, pflazolyl, 2H- 
2,2,3*tiazolyl, lI3~1,2,Wiaxoryl or 4I3-1,2*4-triaxo1yI, 
tetrazolyf, oxaxulyl, isoxsxo~yl, oxadiiolyl, thiaxolyl 
or ttiadkolyl radical *s&h is umubst&uted or C-sub- 
stira& by one or two memks selected from lower 
alkyl, bwer alkoxy, pbenyl or phenyl which is in turn 
substikuted by one or #XI members sclccted from lower 
aikyl, lawcs alkxty a&/or halogen, hydroxy, di-lower 
alkylamino, fawr zdkyltbi~ anWor halogen, and/or is 
N-s&Muted at a P&mm which is cq&le of3bstitu, 
tion by lower alkyl fx plmlyl-Iower al&i wbkh isr 
unslahtitured or sutrstimted by cmt w twrI members 
sclc@tcd frm bwer aJky@, lOWCF alkoxy 8Tld/or hub 
gm; aad Rz is hy&ogm, hydroxy, amino, lower alkyl- 
thio or habgen, and salts thereof, qcoiaUy the imer 
s&s and @mmceutically acceptable salts EbCFGd with 
bases. 

4 

The inva~ticm pr&rab~y &t.u OR the one hand to 
compmd d fonati I, wherein RI is aa imid%z6-20 or 
4yt radical which b ms~bstituutad or C-substituted by 
phcnyl or C- or N-aubskikuted by Cp-Qalkyl such as 
methyl, t+ imiducol~2-y1, 1 Cc J-C&alkylimidaz~l-2-yl 
such as f-methyftidaml-2-yl, or Z- or S-CpQalk- 
yltidaxol4yl such as 2- or S-methylimidaxol-&yl, or 
is an unsubstituted th&z..otyl radic& e,g. thiaxol-2-yl, of 
is a lH-1,2,4-triamlyi radical which is um&stituted or 
substikurcd by GPC+.&~~ suoh aa methyl, e+g. 1Cr-G 
4dkyl- lH-1,2,4-~~l-S-y1 such as l-methyl- ML 1,2,4- 
triard-5-y1, utd Rz iis hydroxy or, Ems prcfcnbiy, hy- 
dragen, and saltsi espectily phurm~ntidly aicmpt- 
able sal& tfrcrecrf. 

The invention pr&mbly rclat~s art tht other trand to 
compunds of krmula I, wherein a 1 is as imidazoI- l-y], 
pyra3LoLl-y& tI-I~r,2,s-triaxol-1-yl~ 4Ef-1,2&triaxo14rC-y1 
or tetrazol-l-y1 mdi~& which is msubstitmed or C-sub- 
stituted by phznyl olr CpC.&Eyl such as methyl, e.g. 
imidazol+yl, 25 4- or S-Ct-C!&ylimibazo~-l-y1 such 
as 29, 4- or 5+mthyIlimidaxol-l-yl, pymol-l-yl, 3- or 
tCi-C+alkylpymxol-l-y1 such as 3- or 4-merhyl- 
pyraxol+yl, lI3-l,2&Wrazul-l~yf, 3+Qalkyl-1% 
1,2,4-triaxol-l-y1 m&l as 3-caethyl~lPC-f*2,~t~l-l-y1, 
4H-f,2,4-tGazoE t -yl, 3-C pQ.allty1-4&1,2,4-triazo1- 
4-yl such as 3-mthyl-4H-I3,4-tziaz~l-+-yl or lE&tet- 
rmol-l-x-yI, and Rz is bydroxy or, less prdembly, hydro- 
gen, and salts, eqcc&lly phamaceutic9ly Icccptable 
salts, kherm3e 

The inventIon M.ates first and foremost to corn- 
pounds of formula I, whercira RI is as inudaxofyf radical 
which is umub&uted or substituztd by Cl-Qalkyl 
such a3 merhyi, e.g. ilnidazol-I-yl, ilnidaxol*2-yl, l- 
~~~hy~~~~l-~~y~~ imidaml-ri-yf ar 2- or S- 
methylimidazol~yl, and Rz is hydruxy or, ks prefera- 
bly, hydmgeu, and &ts, espceially pfrrvmrceutically 
amptable salts, them&. 

The inventin fehmi spcciftcafty to the compounds 
of formula I ad the salts therecd q&ally &e inntr 
salts and phamaceutWly amptable s&s thereof with 
buses rnenkicmed in ale Examples. 

The ERvWltjdn fbmhef relates to a process based oft 
per se known mekhcads for tbc prepamtim of corn- 
pounds of formula I and salts thercuf, which process 
COnSPW 
(a) in a compound OF formula 

XI 
I 

01) 

Ri--CH2-F2e 

wbcrcin Xi is a functiionally modifi.eb phosphono group 
anb X2 is a free or zfumtioraaUy mudifi phoapbmo 
group, which compound may be tentpamily protmcd 
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with a strcrng basq for example one of tftc: snctal bases 
n2entioned in prm varimt (a}, iato the carbcniatc 
salt, and rcmdng said s&t with car&cm dioxide, or by 
convctig a conqxmd of formla 

RI---CX2--Y 

wherein Y is remztivc cstc~cd hydraxy, preferably 
hdagcn sucli as baonrrinc, with an alkali ax&al cyanide, 
e.g. with sodiwn 0~ ptassiunt cyanide, hita the corfc- 
spnding nitdc (IQ; Y=CN), and hydrdysiq the 
nitrile to the acid, preferably under basic conditions. 

Starting materiPlls II, whcrcti Rz is hydrogca, arc 
obtained for example by rcclctbg a compcmd of for- 
mula 

Rp-CH2-Y mg) 

wherein R 4s for exampJc lower alky!. 
Z&art&g mtcriar3s of fommla ZI, wherein the radical 

IQ is bomd thrmgh a N-atorn and Rz is hydrogen or 
hydmxy, can also be prcparcd by reacting an appropri- 
ate cornpougd af 4FcmnuIa 

Rp-H @Xi). 

in the prestn~~ of a strong metal base such as an alkali 
mtal hydride or *au dka&le earth metal hydride, c.g. 
sodium hydride, with a mnpmmd of fcmmia 

In starting materials 0f fmmla XII for p03ccss variant 
@ ), hniuo ether Etflid imino ester groups are for example 



can bc prepared for cxampfc by convert&g an apprup& 
ate Gompavnd af formtia 

R-W (maI 

wkh a strong baao, for cxamplc with one uf the metal 
bases mcatioa& in pm&s variant (a), inm the carbcni- 
att salt and reacting said salt with carbon dioxide or 
with a compuund of fcxrmula Y-X3 (II>), wherein Y is 
balagen swlx as chlalriric or brrnninc, c-g. with a earba- 
my1 halide, in&no cthhtr h&de or, prcfcrably, with a 
cyan-ogen h&idc such as eyrm~gcn chluridc. 

Fu3r tfrc ttmpo~ protccti43n ctf a N-atom of the 
m&cd Rl which is capsb2e of substitution thcrc may bc 
suimbly cmploycd the c~tamary N-prutcxztivc groups 
and methods of intradu&ng and rtmwiqg same, for 
exampk di-lower aliroxyrncthyl groups szzch as dlmc- 
tboxymcthyl, which cm be removed by treatment tith 
an mid, aad 2~2~29~~~~~xyc~~~y~ rsdicsCrs s~cb 
as 2,22ttitiu-, 2,2,2-tribr0mo- ar 2,2J-triehlor~tx~ 
yearbonyt radicals, which may bc rcrnovcd far example 
hy tmtmcnt with zinc in acetic acid, +pheq&lower 
afkmywbonyl Micah such as carbu&mz~xy w aityl, 
whiri;h can bc rcmovcd for cxamplc by catiytic hydro- 
gen&ion, as well as lower alkanesulfonyl groups such as 
mct~csulfanyl, whicfi can bc rcmovcd for exsunple by 
trcagmcnt with bisf2-rr-tthoxyethcxoxy) so&urn ahunin 
icrm hydtidc; and also a-phqGx.&yl or a;Lkyl groups, 
rhe s+cmloval of which will be discussed b&w. 

Campwnds of fumda I obtain4 by the prrxcss of 
this invcntirzn of by otkcr per sc known prow can 
be conrertcd into other comfxrunds af formula I in a 
marrater known per 3c. 

Thus, far cxarapfc, compounds of formula I, wherein 
It2 is atninu, 4x32 be 4Tawsted by tratmcnt with duulls 
acid into the correspadkg cornpun& of farmtala I’, 
wherein R2 is hydroxy. The trcatmcnt with titrsus acid 
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is tRn=lcd in cawtatianal manner with fcxrnation of 
same in aqucous sc3luti~n from a salt thcrcef* e,g. from 
sodium nitrite, by treatment with an acid, e.g. hydra- 
cl&wk acid, ta farm a correqxxiding mzstablc diaze 50 
n&m sa& as intcrmcdiate, e.g. diaz&xrn chloride, 
which splits off nitrug~n trwn intrtiuctien of the OL- 
hydlruxy gmup. 

In compounds of farrnula I, wkcrcin the radical Rr is 
N-sut>stJtutcd by lower alkyl or by phcnyl-lawer alkyl 65 
which is unsubstitmcd or substitrrtcd by fcwcr alkyl, 
lower afkoxy and/or Wogen, it is also ~pussiblc to re- 
move the N-sustitutnt: lower alkyl for cxampfc by treat- 

hydrolysis of the resultant earbamateI and a-pbenyl- 
lawer alkyi t-w&ah by hydrogerr+sis, c-g. treatrncnt 
v&h hy&og;cln in the presence of a hydmgcnatian cati- 

Free compaunds of formula I, including tkc inner 

salts by partial or camplctc neWaliaation with one Of 
the bas& mentioned at the: outs&. In sir&r muuter, it 

ment with one of tlhc protie aci& mentiancd at the 

Salts can he c~uvmed in a manner known per sc into 
the free campowtds, for cxarnple by trestmeat with an 
acid reagent swh as a mints4 acid, Or a base, e.g. 9u1 

t&is&d in-dxf form of hy&tes or may contain the 
sohnt used for c~taU.isati~+n in their cryjsrl strueturc. 

mmpcmds in the free form aztd ‘in the forin of their 
salts, the reference3 tin&c thrcugh4xtt this specification 
trt the free c4mpomds and theix SrJts 8th apply by 

T&3twx&ion aI& relrt& to those clabcxiimenU af 
the proocss in w&h I compound obtainable as intemc- 
diate at smy stage of t&c p&es is wed u starting rmbc- 
rid and the usmiaiag s&ps arc caned out, or a starting 
mat&al is tn+cd in the form of a salt or, preferably, is 
formed under the raw;tiua cxxxhtiuna. 

In the prm of this invtntion it i!4 pfCfWcd to use 
those starting MM that result in tbc ~ompovndj 
dcsctib& at the ~&et aa being cspccislly prcfcrrcd. 
lYovt1 startkg materials arrd proccsscs for the prepara- 
tion thereof likcwisc constitute fur&r objects uf the 
hventi43n 

The novel p -utical compitiaru contain e.g. 
from about 10 tc3 W9&, preferably from shout 20 to #9& 
of the active ingrcdicnt. Pharmaceutical compositions 
for cnteral or Rarcnteral adsnhtistration are e.g. those in 
dosage unit farms su& aa &g&a, tabllcu, capsules or 
Sup~EQticJ, %5 well lw atnpcwula. ThtJc: p-cuti- 
Cal cumpajitiuns we prepad in 8, ZtunlLfr imown pm 
s-t, far cxamplc by c=oavcrWnal mixing granulating, 
confixtiening, diualtig or 1y~Misiag methods For 
eicarqAc2 phannrccuW t3mqmsition3 f&r oral admi&ss- 
tratioa c43.n be 0btaincA by cotnbihing theactive ingrcdi- 
ent wish s&d &cm, irpt&xtally granulating a rcsdt- 
ing mixturc and prmwing the rrrixture or granulate, if 
dcsircd or ncccssaq a&x the or3biti<m of &able cxcipi- 
ems, to tab&s or dra&c cores. 
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8~tered w&y, as w&i as sube~t8neuusly, intro- 
muscuiarIy or in~vcnuualy in hypcrtunic solutiun. 
i-k&m& daily doe;cs arc, for oral adnikistration, in the 
range frc3m about Qt to 5 mgkg, for subcutanc0us and 
inU8m~Uia.r adgtxinktr8ti~n in the XangG from abOut 
0.1 to f m&g and* for intravcnsw administration, in 
thy rangc from ahut 0.02. to 2 mg&g- 

The dosage of tkc computmds elf formula 1 and salts 
thfrr;r~&is, however, variabk and depends cm the rcspec* 
t i%‘G CCU3ditblS SUCh &s thC tBtUZ.tZ @Id SGVGti tg Of the 
iiinw, the duration of trcatmcnt and on the respective 
compor.md, Smgfe doses c=ontain for aanrpk from 0.01 
to IO mg; doaagc tsnit form for parenkxal, e.g.. iatrave- 
nws, ~s~ti~n contain t.g+ from WI1 to 0.1 mg, 
preferabfy from O&2 tcl, 0.08 mg; and oral dosage unit 
forms contain e.g. from 0.2 ta 2.3 mg prcferabiy frum 
0.3 to 1.5 mg per kg af budy weigh& The preferred 
sing&z dose for oraI admkistration is from 10 ta 100 mg 
and, for intravcnovls stratify frum 0.5 to 3 mg. ft 
is, hckwcver, posS%lc &Y admUster pp to f0uxr single 
dascs daily. ?‘hc h&her doses far or& &mhktraticm are 
nteGssary on aceatant of the IirrGtcd akxxpticm. In pro- 
longed tazatment, tthc dosage can norrn&y bc rcduccd 
to a lower kvcl aft&r an initially higher dosage in erdcr 
to man&tin the d&red cffeet. 

ThG f~lfUWing‘ zI5xampplcls iuustrate the invention with- 
out in any wtky iiititlg the stop thcrcof. 

EXAMPLE I 
With stig and under rcflux, 8,s g ((I.053 mole) af 

imidazoX4yi~~tie acid hydroch&xidg 3.1 ml of 85% 
phosphmics acid -2uyd 25 ml of eh.lorc&cnzenc are heated 
to fm” c. ‘if‘h~n 13.9 mi of ~h~sphorkis tr.i&kn’ide arc 
added dropwise at I@Y C., whereupon evalutkx of gas 
occurs. Over the cause of 30 tninutes a dense mass 
precipitates from thhc rcaetian mirtxrre. The batch is 
bmted for 3 hous to 1OV C. and the rupcrnatant &IO- 
rabene is remwad by dceantatian., With &ring and 
under rcfitq the r&dual viscous mass is heated $0 @be 
b&i far 3 hcwrs with 40 ml of 9N hydrochloric scid. 
The batch is. filtered hot with the add&n of earbc~n and 
the filtrate! is diluteof with acztcme, whereupon the crude 
2-(imidazol-4tyl)-l-hydr~~y~t~cm~~~~iph~s~h~~c 
acid precipitates. This product is rcerystalliscd from 
water. Melting poknt: 238’~240’ C. (de@. 

EXAMPLE 2 
Reactian of ~~~~~y~~~~-Z-y~ethyl bromide, 

~Y~~l-2-Y~G~Yi &&id% (tidaz~I-t- 
mG~y~3~lu~n~~fQnatc, imidazol4ys9lcthyl ch%utidc 
and t~~ly~~2-y~~thyl bromide with. tecraethyi mc- 
t~~~b~s~h~~~ and hytilysis of the rcsuitant 
gximary eth~~~~~~s~~~~~ in accocdancc with Exe 
ample 9 or 12 &a gives 2-(~~rn~th~~d~~~2~yl~ 
thanc-l t l-diphosplxmk aoid, m,p 2%’ C!. (dc& 2-(I - 
benzyiiidazr&2-y~)c thanc- f * 1 diphasphonic acid 
manahydratc, m.p, 18 Y-183’ C+; 2-@midazul- 1-y@~- 
~~~-i,~di~h~~~hi~~~ acid, m.p. 255’ C. (de.); 2- 
~~~14yi~~~~-i J-diphasphonic acid, and 2- 
(thiaz&-2-yl)&han~-l~ 1 -diphosphonk Ad, m.p, 259’ C, 
(dce.3, and salts there&, e.g. disodium z&s. 

EXAMPLE 3 
The proccdwe <of Exampte 1 is xtpeated, starting 

frown f-methyknid;azsl-2-acetic acid hydrochlcn-idc, to 
give 2-( 1 -metbyli&darol-2-yl)- 1 -hydrqxyethanc* I > I- 
diphosphonic acid mon&ydratc, m.p. 261’ C. (da.). 



l2 
f,ldiphosphtic a&d, m.p. 259’ C. (C&X.), and salts 
thcrcaF, e.g. ~&X&BIB salts, and hydratcrr. 

The starting l-metbyl-3~hbr~m~~yl- XX& 1,2,4- 
triazotc hydruchkidt can bc prcparcd 83 fokws: i I. f 
g (0.10 m~lc) of Shydrox ymcthyf- I, -m&by5 IH-1,2,4- 
triazolc are diuolvcef In 25 ml of didhforomct~c. 
While cding with iw and with sthing, 29.7 g of thio- 
nyi chloride are added dropwise. The reaction mixture 
is then stirred for 1 how at rmrn tempcraturc md thcrc- 
after for 20 minuks at; boiling tempcmturc ullidtr refkx. 
The precipitate is frlti with suctkm, wash& with 
dkthyl ether a&d IrusuSm drkd. Melting point: 
135’-137’ c. 

EXAMPLE 8 
The pftxntufc of Example 1 is rcpeatcd, starting 

from l-tida~olcacctk acid hydrocmridc, f -(I H- 1,2,4- 
triaz&)acetic acid hyrdrocztloridc asld 1 -pyraz&acetic 
acid hydrochloride, ta, cfivc the filkwing comnpounds: 
2-(~dazol-l-yf3-l-by~roxy~c-l,,~dipho~phoIEic 
acid, m.p. 239’ C. <dec,), 2~iH-1,2,Ctrijzol-l-yi)-f- 
hydroxycc;traPlc-r,l~~h~~h~~~ acid, mn.p. 255” C. 
(dc@ and 2-@raz&-1 -yl& 1 -hydraxycthane-I , 1 -dip&- 
phonic acid, m.p. 234” C. (Sec.). 

FSAMPLE 9 
3.3 g @.(x372 molt) af tttracthyl2+cnzyGmi&zol-2- 

y1)ctha.m~1,1-&phuspkmatc arc d&&cd in SU ml uf 
liqztid ammo&a a&, with stirring, I.0 % of sodium is 
added gradltatly in SrpulC portions until the btuc ~ulour 
ofthcsOlut.k?nis xfbaiatt&ncd~~farsomc~*Then 2.35 g 
af ammonium cfiforidle are add& in psnio~w. The am- 
monia is then rcmav& by evapmtion, the residtlc is 
taken up ia &ethyl ctiser, the solution is 6ltercd and tbc 
f&ate is conccntratcd by cvaparation, a@&ding tctra- 
ethyl 2~~~~1-2-yB~hanc-l,Idiphosp’honrtc as a 
colourless oil. 

2.3 g gM362 rnck~ of tctracthy8 2Lfkrli&&2*yi)c- 
thane-f,Miphc~ph~~tc arc d&s&cd ia 20 ml of mttk- 
ylc~c &&de+ To t& scrluticm arc ad&d 4.% ml af 
t~ethylbr~m~~c and the reaction atixture is ai- 
Iuwed to stand for 241 hours at roum tecmpcrature and 
then conccntmtcd by evaporation under rcduccd prcs- 
sure. The residue ia crystilised fmm 10 rxl of methanol 
and 1 ml of water, to gke &(iidazol-2qyl)cthanc-1, I- 
diphosphonic acid of m.p. 279’-282’ C. (dec.). 

3ZXAMPLE fO 
With stirring & uazdcr r&us 8.6 g (MB3 m&c) of 

imidazol-f -ySacctic a&d hydru&loridc, 3.1 ti of 85% 
phtssphork acid and 25 ml of chk~bcnzent are hcatcd 
to 100’ C. Thm 13.9 nnl of ph~phonw tic&&de arc 
added drcrpwise at fOP’ C., whcmzpan cvofvtiun 0-f gas 
cxxu~. Over the colwsc of XI minutes a dcslx mass 
prccipitatcs from the rca&aan mkturc. The batch is 
heated far 3 hours to loo” C. and the supu~atant cNo- 
roknzcne is rcm~vc+d by dtcmtation. Tbc residual 
vise~us mass is heated for 3 huurs to $he boil, with 
stirring an8 under rellutx, with # ml of 9N hydro&l&c 
acid. The batch is then filtcrcd hot with the addition of 
carbon and the filtrates is diltuted with acetone, whcre- 
upon the crude 2-(imi&zrt~- l-y!)- 2-hydroxyethane- I, I- 
diphosphonic acid pre&pitatcs+ This prtiuct is rccrys- 
la&cd km water. Melting point: 239’ C, fdec.). W&d: 
41% of theory. 



EXAMPLE 18 
With stirring md mder mfkx, il.95 g of 2- 

phe~y~d~~l4~l~eti~ aGd hydmchlaride, 7.1 mf of 
85% phmphoric acid and 25 nrf of cI&m&emcne are 
heated to 100’ C, Then 13.9 mt of phosphorus t&hIo- 
ride are added drupwk at 100” C., Iwhereqmn evolu- 
tbn of gas occm- aver the c#urse of 30 I&Rites a 
dense mass pmipikates from the reactiozt.mixtrrre. The 
batch is heated fur 3 hours to 200’ C. and the sqmna- 
taat chi~mbnzenc is removed by dmantation. With 
t&ring a-nd under refk, the residti viscous mass is 
heated -to the boil far 3 hours with 40 ml of 9N hydro- 
chloric acid. The batch is f&ttred hot with the additim 
uf carbun and the B&ate is diluted wita ace&me, where- 
upm the cmde 2+phenylimidaml4y&i -hydmxy- 
ethme-l,l-diphospIkmk acid precipitaks. This product 
is recrystaked frum water, yielding the ses&ydrate 
of m.p. X83*-224= c. 

EXA.h@LE 19 
10 ml of 2N aqucuvs odium hydmide solution are 

added, with &h-r&~;, to a suspemicm of 3,36 g of 2-(2- 
phe~~~~~l4y~~ 1 -hydmxy-et.ham- 1, X-d&ho+ 
phonic acid in fU nnl af wmx. The result@ solvtkm is 
evaporated to dryness. The residue is titurated with 40 
ml ad’ methanol. me czys~e prcc:pime formed is 
filtered OR and dried yiekikg dim&m 2-(2- 
pheny~dazol4y~~-~-hy~~~~e~~l ,I-diphesphon- 
ate&hydrate m.p. 211’~283’ C. (de@. 
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EXAMPLE 22 
In a.~ armiagsus manner as dcsc=rihd in Example 21 

the -foHowiRg tris(hydrux~~tb~~~m~thy~~m~~~rn 
salts ~=an be prepared: dilt~(hy~ox~~~yl~~e~hyl~- 
maniirm It-@mi&arol-e-y1~- 1 -h ydFox)‘-&am- f , f - 
diphosphanatc, m.p* 1 W-1 17’ 6. (de.]; di-tri$hybrox- 
ym~tbyl~methyl~~~~ 2-f4iSdim-t~ylizd~~l-l- 
yl~l-.hydraxy-eth~c-l,ldip60sphonat~-mun~hydratt 
m.p. 110*-l 13’ C. (dee.); di-~~hydr~xym~thyl~me- 
thylaznmoaiam 2-(S-methylisnidal4yl~- l-hydroxy- 
ethme- 1 t 1 -diphosphonate, m.p. 122’~126” C. (dec.) and 
di-tris(hydroxymcthyl~~~by~~nium 2-(l&xl- 
zyfimGdaz& 1 -yI)- 1-h ydroxyefhane- I, 1 -&phobphonate- 
monahydrate, m.p. >3W C. (dec.). 

EXAMPLE 23 
Tablets containing Ia0 mg of active ingrcditnt, c-g. 

2-(irzLidazuf4yI)-f-hydr~xyeth~~-l,ldiphcssphu~c 
acid or a salt thereof, c.g. the disc&urn salt, can be 
prepwed as follows; 

Pmedwe 35 
All the s&d constituents are sieved through B sieve 

fm4n.g a mesh size of 0.6 mm. The active ingredient is 
then nnixed with lactasq talcum, magnesium stcaratc 
and half of the starch in a suitable mixer. The other half 
sf the starch is suspended in 40 ml of water and the KI 
susptmsion is added TV a ‘txliling solution of polycthcne 
glycmi in 100 ml of water. The restitant titnrt is gran- 
ulattb, if at~~~~ary with the further addition of water. 
The gramlate is dried overnight at 35’ C., sieved 
thrcqgh a sieve haui~g a mesh size of 1.2 mm, and corn- 45 
pmsczd @ tablet of 6 mnt diameter which arc ccmcave 
on bath sides. 

In likt manntr, t&lets each txmaining 100 mg af 
another cornpound of frxanuia I obtained in Examples 
t-22 clraa ah bt prepared which compmnds may dx, M 
be in the form af s&s with bms, e-g. as sodium s&it. 

EXAMPLE 24 
Lozenges containing 7S mg of active ingredient, e.g. 

Z-(inGdaz&4yl)- f-bydrcxyethane-1, ldiphosphonic 5s 
acid Q)T a salt thereof, e.g. the &odium s&t, cafe be 
prepared as fallows: 

actiw lngrcdicnt 73.0 
rnam?ilOcl 

g 
230.0 

IiWA.%C 
g 

talcum 
mm g 
21.0 

glycinc 
g 

12.5 g 
slejric acid 10.0 
saccharint 

g 55 
1.3 g 

130 
16 

Ail solid ingredients arc first sieved through a sieve 
Eraving a mesh size of 0.2S mm. The mlrnnitctl and fat- 
tose are mixed, the rniixturt is granulated while adding 
gelatin s&&m, sieved through a sieve having a mesh 
size of 2 mm, dried rnt SO’ C. and ~ncc more sieved 
through a sieve having a mesh size of 1.7 mm. ‘The 
active ingredient, glycine and sacchrvint are carefully 
mixtd, then the marm&ol, lactose gxaz~la@, s&a& acid 
and the talcum arc added. AlI the ingredients are thor- 
oughiy titd and compressed to lozenges having a 
diameter 0-f about 10 anon which are concave on Beth 
sides and provided with a breaking notch on the top- 
side. 

In like mazmct, Ierenges containing 75 nrg of another 
compclund of fimnula I obtained in Examples 1-22 can 
ah be prcparcd, which compounds can also be in the 
form of salts with bases, e.g, the sodium tit. 

EXAMPLE 25 
Tablets containing 10 mg of active ingredient, e.g. 

2-(lmid~ol4yl)ydr~xygth~e- 1, ldiphosphonic acid 
or a salt thereof, cg. tfizc disodium salt, can be prepared 
as folfows: 

IO.0 g 
I f5.7 g 

17.5 g 
5.0 g 
3.0 g 
4.0 g 

i&s. 

.PrQcedurt 

Tht solid canstitucnts are sieved thmugh a sieve 
having a mesh size of 10.6 mm. The active ingredient is 
thtn mixed with lactose, talcum, magn&um stearate 
and haIf of the such in a suitable mixer. The other half 
of the starch is suspended in 6S ml of water and the 
suspension is added to a boilh~g ~lution af poiyethcae 
giycal in 260 ml of water. The resultant pasuite is added 
to the powders and granulated, optionally with the 
further addition raf watter. The granulate is dried over- 
night at 35” C., sitved! thruugh a sicvc having a mesh 
size af 1.2 mm, and compressed to tablets of 10 mm 
dimttcr with a &r&g notch an the topside and 
which arc concave on both sides. 

In like mannq t&l&s containing 10 mg of another 
campund of f&n&a I obtincd in exampfes l-22 can 
ah be prepared, whkh compounds can also be in the 
form of salts with basczs, e.g. the sodium alt. 

EXAMPLE 26 
Hard gelatin capsule containing 100 mg af active 

ingredient, e.g. 2-(~~dazal4yl)-l-hydrrayct)lane- 1, l- 
diphosphonic acid or a salt thereof, e.g. rhc d&odium 
salt, can be prepared w follows: 

3% g&tin so1utmn q.5. 
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